(12) INTERNATIONAL 



CATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteDectual Property 
Organization 
International Bureau 

(43) International Publication Date 
8 April 2004 (08.04.2004) 



PCX 



(10) Intemalioiial Publication Number 

WO 2004/029433 Al 



(51) International Patent ClasslficaUon^ F02C 3/04, 

3/22, 7/08, 9/40 

(21) International Application Number: 

PCT/AU2003/001275 

(22) International Filing Date: 

26 September 2003 (26.09.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

2002951703 27 September 2002 (27.09.2002) AU 

(71) Applicant {for all designated States except US): COM- 
MONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANISATION [AU/AU]; Limestone 
Avenue, Campbell, Australian Capital Territory 2612 
(AU). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SU, SHI [AU/AU]; 
CJ- CSIRO Technology Court, Pullenvale, Queensland 



4069 (AU). BEATH, Andrew Charles, [AU/AU]; C/- 
CSIRO Technology Court, Pullenvale, Queensland 4069 
(AU). MALLETT, ClifTord William, [AU/AU]; C/- 
CSIRO Technology Court, Pullenvale, C^ieensland 4069 

(AU). 

(74) Agent: GRIFFITH HACK; GPO Box 3125, Brisbane, 
Queensland 4001 (AU). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY. BZ, CA, CH. CN. CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, EG, ES, H, GB, GD, GE, 
GH, GM, HR, HU, ID, XL, IN, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, 
MN, MW, MX, MZ, NT, NO, NZ, CM, PG, PH, PL, PT, 
RO, RU, SC, SD, SE, SG, SK. SL, SY, TJ, TM, TN, TR, 
TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM. ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ. SD, SL, SZ, TZ, UG. ZM. ZW). 
Eurasian patent (AM. AZ, BY, KG. KZ, MD. RU. TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, R, FR, GB, GR, HU, IE, FT, LU. MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF. CG. CI, CM, 
GA, GN, GQ. GW, ML, MR, NE, SN, TD, TG). 

[Continued on next page] 



(54) Title: A SYSTEM FOR CATALYTIC COMBUSTION 



ON 



3r? IH 3t 



Coiiiprcssoi' 



StaitHip fuel 




Catalytic Combustor 
^3 



Pre burner ( 




— Oeiiei ator 



Turbine ^ ^ W 
fTT^Ti"""! irrT' '■ — I 



I Mbcq j jf ScnibbiiigJ--i Drainage pipcj 

It ^vy 

I 1 Scnibbiiig f-TiV'eutilaliou au .<hiilij 

' > ' S* 



(57) Abstract: A system comprising a compressor (10) having an inlet stream (25) and an outlet stream (26), a pre-heater (12) 
having a process inlet stream (29) and a process outlet stream (31), a catalytic combustor (13) having an inlet stream (32) and an 
outlet stream (33) and containing an catalyst, and a turbine (14) having an inlet stream (34) and an outlet stream (35), wherein, the 
outlet stream (26) of the compressor (10) is connected to the process inlet stream (29) of the pre-heater (12). the process outlet stream 
(31) of the pre-heater (12) is connected to the inlet stream (32) of the catalytic combustor (13).The outlet stream (33) of the catalytic 
combustor (13) is connected to the inlet stream (34) of the turbine (14).During operation of the system, the inlet stream (25) of the 
compressor (10) has a substantially constant and low concentration of fuel. 
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A SYSTEM FOR CATALYTIC COMBUSTION 



FIELD OF INVENTION 

This invention relates to catalytic combustion. 
5 BACKGROUND OF THE INVENTION 

A catalytic combustion gas turbine system has 
been developed to replace conventional industrial gas 
turbines, burning natural gas, but with ultra low NOx 
emissions. One of the features of this turbine is that 

10 cooling is required at the inlet of the turbine because of 
the high inlet temperature (> 850^C) , arising from 
combustion of high concentrations of methane. This 
cooling is achieved by bypassing a substantial amount of 
the air from the compressor discharge to the turbine inlet 

15 and turbine first stage. However, if the air contains 
methane, this results in a large amount of uncombusted 
methane passing through the turbine and into the 
atmosphere. Not only is this an inefficient use of the 
methane, but it is also damaging to the environment and a 

20 waste of energy. 

Another application of catalytic combustion 
turbine systems has been to generate electricity from 
waste gases, which have a lower concentration of methane 
than natural gas. However, previous attempts of this have 

25 run into several difficulties; having to Inject support 
fuel (eg. natural gas) into the catalytic combustor to 
maintain efficient combustion, not being able to 
efficiently handle gas stresuns with less than 2 mole% 
methane, having to excessively raise the pressure of the 

30 gas stream thereby reducing the overall electrical output 
of the system, and having difficulty in controlling the 
gas temperature at the outlet of the combustor at a 
constant value below 800^C so that cooling at the inlet of 
the turbine is not required, and having problems in 

35 handling the waste gas, which by its nature has a 
fluctuating composition. 
SUMMARY OF THE INVENTION 
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Accordingly, it is desirable, i£ in one 
embodiment: of the present invention, that there is 
provided a catalytic combustion gas turbine system which 
utilises a gas with a substantially constant and low 
5 concentration o£ £uel« 

According to a first aspect of the present 
invention there Is provided a system for providing fuel to 
drive a catalytic combustion gas turbine system the system 
for providing fuel comprising a mixer, having an outlet 

10 stream emd at least two inlet streams suid a compressor, 
having an inlet stream, the outlet stream of the mixer 
being connected to the inlet stream of the compressor, 
wherein, during operation of the system, the at least two 
inlet streams are controlled so that the outlet stream of 

15 the mixer has a substantially constant composition over 
time. 

Preferably, the outlet stream of the mixer has a 
low concentration of hydrocarbons . 

Preferably, the outlet streazn of the mixer is 
20 substantially a gas* 

Preferably, the outlet stream of the mixer has a 
low concentration of methane. 

Preferably, the outlet stream has a concentration 
of methane of 0.5 to 1.5 rnole^. 
2 5 Preferably, the outlet stream has a concentration 

of methane of approximately 1 mole%. 

Preferably, of the at least two inlet streams of 
the mixer, at least one inlet stream has a very low 
concentration of methane and at least one other inlet 
30 stream has a high concentration of methane. 

Preferably, of the at least two inlet streeuns of 
the mixer, at least one inlet stream has a concentration 
of methane of 0 to 1.5 mole^, and at least one other inlet 
streeun has a concentration of methane of over 20 mole^. 
35 Preferably, the operating temperature of the 

mixer is approximately 20^C. 

Preferably, the operating pressure of the mixer 
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is approxiznately atmospheric. 

Preferably, the compressor has a compression 
ratio o£ approximately 2 . 

Preferably, the compressor has an outlet stream 
5 which has a pressure of less than 3*5 bar (absolute). 

Preferably, the pressure of the outlet stream of 
the con^ressor is approximately 2 bar (eibsolute) • 

Preferably, the temperature of the outlet stream 
with the compressor is 100 to 200^C. 
10 Preferably, the conpressor is an axial flow 

compressor. 

Alternatively, the compressor is a radial flow 
compressor. 

Preferably, at least one of the at least two 
15 inlet streams of the mixer is a stream of ventilation air 
from a coal mine, having very low methajie concentration. 

Preferably, the system further comprises a first 
scrubber, the first scrubber having an inlet stream and a 
gas outlet stream, the gas outlet stream being connected 
20 to at least one of the at least two inlet strecuns of the 
mixer, and the inlet stream being the stream of 
ventilation air, wherein, the first scrubber removes 
particles from the ventilation air through a solid outlet 
stream. 

25 Preferal>ly, the first scrubber comprises a wet 

scr\ibber and filter. 

Preferably, the first scrubber removes particles 
greater than and e<3ual to 0.50 micron in diameter. 

Preferably, the scrubber also removes sulphur 
30 compounds through a sulphur outlet stream. 

Preferably, the first scrubber removes sulphur 
compounds, so that the concentration of hydrogen sulphide 
and sulphur dioxide in the gas outlet stream is no greater 
than lOppm and 5ppm respectively. 
3 5 Preferably, at least one other stream of the at 

least two inlet streams of the mixer is a stream of coal 
mine drainage gas. 
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Preferably, t:he system further comprises a second 
scrubber, the second scrubber having an inlet streeun cuid a 
gas outlet streeun, the gas outlet stream being connected 
to at least one other of the at least two inlet streams of 
5 the mixer, and the inlet stream being the stream of coal 
mine drainage gas, wherein, the second scrubber removes 
particles from the drainage gas through a solid outlet 
stream* 

PrefereJdly, the second scrubber comprises a wet 
10 scrubber and filter. 

Preferably, the second scrubber removes particles 
greater than and equal to 0,50 micron in diameter. 

Preferably, the scrubber also removes sulphur 
compounds through a sulphur outlet stream. 
15 Preferably, the second scrubber removes sulphur 

compounds, so that the concentration of hydrogen sulphide 
and sulphur dioxide in the gas outlet stream is no greater 
than lOppm and 5ppm respectively. 

Preferably, the system further comprises a 
20 reservoir, the reservoir having an outlet stream connected 
to the inlet stream of the compressor, and during 
operation of the system, the outlet stream of the 
reservoir has a substantially constant composition over 
time, wherein, the reservoir stores enough fluid to buffer 
25 fluctuations in the composition of at least one inlet 
stream of the reservoir. 

Preferably, the reservoir stores a gas. 
Preferably, the outlet stream of the mixer is 
connected to the at least one inlet stream of the 
3 0 resezrvoir, wherein the mixer and the reservoir are 
separate units. 

Alternatively, the mixer is large enough to act 
as the reservoir. 

Preferably, the operating temperature of the 
35 reservoir is approximately 20°C. 

Preferably, the operating pressure of the 
reservoir is approximately atmospheric. 
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According to a second aspect of the present 
invention there is provided a system comprising: 

a compressor having an inlet stream and an outlet 
stream, a pre-heater having a process inlet stream and a 
5 process outlet stream, a catalytic combustor having an 
inlet stream and an outlet stream and containing a 
catalyst, and a turbine having an inlet stream and an 
outlet stream, wherein, the outlet stream of the 
compressor is connected to the process inlet stream of the 
10 pre-heater, the process outlet stream of the pre-heater is 
connected to the inlet stream of the catalytic combustor, 
and the outlet stream of the catalytic combustor is 
connected to the inlet stream of the turbine, and wherein, 
during operation of the system, the inlet stream of the 
15 compressor has a substemtially constant and low 
concentration of fuel. 

Preferably, the inlet stream of the compressor 
has a low concentration of hydrocarbons. 

Preferably, the inlet stream with the compressor 
20 is siibstantially a gas. 

Preferably, the inlet stream of the compressor 
has a low concentration of methane. 

Preferably, the inlet stream of the compressor 
has a methane concentration of 0.5 to 1.5 mole%. 
25 Preferably, the inlet stream of the cox^pressor 

has a methane concentration of approximately 1 mole^. 

Preferably, the inlet stream of the compressor 
has a temperature of approximately 20°C. 

Preferably, the inlet stream of the compressor 
30 has a pressure of approximately atmospheric. 

Preferably, the system further comprises a mixer, 
having an outlet stresuA connected to the inlet stream of 
compressor, wherein, during operation of the system at 
least two inlet streams to the mixer are controlled so 
35 that the outlet stream has the substantially constant and 
low concentration of fuel. 

Preferably, of the at least two inlet streams of 
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t:he mixer, least one inlet: stream has a very low 
concentration of methane and at least one other inlet 
stream has a high concentration o£ methane* 

Preferably, of the at least two inlet streams of 
5 the mixer, at least one inlet stream has a concentration 
of methane of 0 to 1.5 mole^ and at least one other inlet 
stream has a concentration of methane of over 20 mole%. 

Preferably, the conqpressor has a compression 
ratio of approximately 2« 
10 Preferably, the outlet stream of the compressor 

has a pressure of less than 3.5 bar (absolute). 

Preferably, the pressure of the outlet stream of 
the compressor is approximately 2 bar (absolute) . 

Preferably, the temperature of the outlet stream 
15 of the compressor is 100 to 200''C. 

Preferably, the compressor is an axial flow 
compressor. 

Alternatively, the compressor is a radial flow 
compressor • 

2 0 Preferably, at least one of the at least two 

inlet streams of the mixer is a stream of ventilation air 
from a coal mine. 

Preferably, the system further comprises a first 
scrubber, the first scrubber having an inlet stream and a 

25 gas outlet stream, the gas outlet stream being connected 
to at least one of the at least two inlet streams of the 
mixer, and the inlet stream being the stream of 
ventilation air, wherein, the first scrubber removes 
particles greater than and equal to 0.50 micron in 

30 diameter from the ventilation air through a solid outlet 
stream, and the first scrubber also removes sulphur 
compounds from the ventilation air through a sulphur 
outlet strecun, so that the concentration of hydrogen 
sulphide and sulphur dioxide in the gas outlet stream is 

3 5 no greater than lOppm and Sppm respectively. 

Alternatively, the first scrubber could be 
connected between the mixer and the compressor. 
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Preferably, at least one other stream of the at 
least two inlet streams of the mixer is a stream of coal 
mine drainage gas • 

PrefersJ^ly, the system further comprises a second 
5 scrubber, the second scrubber having an inlet stream and a 
gas outlet stream, the gas outlet strecua being connected 
to at least one of the at least two inlet streams of the 
mixer, and the inlet stream being the stream of coal mine 
drainage gas, wherein the second scrubber removes 
10 particles greater than and equal to 0.50 micron from the 
ventilation air through a solid outlet stream and also 
removes sulphur compounds from the ventilation air through 
a sulphur outlet stream so that the concentration of 
hydrogen sulphide and sulphur dioxide in the gas outlet 
15 stream is no greater than lOppm and 5 ppm respectively. 

Preferably, the system further comprises a 
reservoir, the reservoir having an outlet stream connected 
to the inlet stream of the compressor, and during 
operation of the system, the outlet stream of the 
20 reservoir has a substantially constant composition over 

time, wherein, the reservoir stores enough fluid to buffer 
fluctuations in the composition of at least one inlet 
stream to the reservoir. 

Preferably, the reservoir stores the gas. 
25 Preferably, the outlet stream of the mixer is 

connected to the at least one inlet stream of the 
reservoir, wherein the mixer and the reservoir are 
separate units. 

Alternatively, the mixer is large enough to act 
30 as a reservoir. 

Preferably, the operating temperature of the 
reservoir is approximately 20*^0. 

Preferably, the operating pressure of the 
reservoir is approximately atmospheric. 
3 5 Preferably, the process outlet stream of the pre- 

heat er has a temperature of 47 5 to 535^C. 

Preferably, there is a very low pressure drop 
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across the pre-heater, such that the pressure o£ the 
process outlet stream is substantially the same as the 
pressure o£ the process inlet stream* 

Preferably, the catalytic combustor has a 
5 moderate space velocity and a low pressure drop. 

Preferably, the catalytic combustor contains a 
catalyst having a high activity and a high reaction 
surface area. 

Preferably, the activity of the catalyst is 
10 50-200x10"'' mole/ (m^s) - 

Preferably, the reaction surface area of the 
catalyst is 20«*40m^/cm^. 

Throughout the specification, the term ^activity" 
is understood to refer to the methane oxidation rate. 
15 Preferably, the catalytic combustor is a 

honeycomb- type monolith reactor. 

Preferably, the catalyst used in the catalytic 
combustor is a noble metal catalyst . 

Preferably, the catalyst used in the catalytic 
20 combustor is at least one of either palladiiua, platinum or 
rhodium. 

Preferably, the monolith is a ceramic, which acts 
as a substrate for a wash coat slurry of base metals on 
which the noble metal catalyst is placed. 
25 Preferably, the catalytic combustor has a maximum 

continuous bed sezrvice temperature of 950^0. 

Preferably, the outlet stream for the catalytic 
combustor has a temperature of no more than 800^C. 

Preferably, the catalytic combustor has a 
30 combustion efficiency of greater than 99%. 

Preferably, there is a very low pressure drop 
across the catalytic combustor, such that the pressure of 
the outlet stream is substantially the same as the 
pressure of the inlet stream. 
35 Preferably, the inlet stream of the turbine has a 

temperature of less than 800^C. 

Preferably, the inlet stream of the turbine has a 
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temperature of approximately VSCC. 

Preferably, the outlet stream of the turbine has 
a temperature of approximately 630°C. 

Preferably, the outlet stream of the turbine has 
5 a pressure slightly above atmospheric. 

Prefercd>ly, the turbine does not re<iuire cooling 
air fTom the outlet stream of the compressor to cool the 
inlet scroll and the first stage of the turbine. 

Preferably, the turbine has cooling oil for 
10 cooling the shaft and the bearings. 

Preferably, the turbine is an axial flow turbine. 

Alternatively, the turbine is a radial flow 

turbine • 

Preferably, the turbine is used to drive the 
15 compressor. 

Preferably, the system further comprises a 
generator, which is connected to the turbine, wherein the 
generator converts the shaft work produced by the turbine 
into electrical energy. 

2 0 Alternatively, the turbine comprises two turbines 

based on a split- shaft cycle such that the first turbine 
drives the compressor, and the second turbine is connected 
to the generator. 

Preferably, the system further comprises a 
25 recuperator to recover some of the energy in the outlet 
stream of the turbine. 

Preferably, the recuperator and the pre-heater 
form a single integral unit, wherein, the pre-heater has a 
heating inlet stream and a heating outlet stream, the 

3 0 heating inlet stream being connected to the outlet stream 

of the turbine, such that the outlet stream of the turbine 
is used to heat the outlet stream of the compressor. 

Preferably, the pre-heater is a plate heat 

exchanger • 

35 Alternatively, the pre-heater is a fin- tube heat 

exchanger . 

Alternatively the pre-heater and the recuperator 



wo 2004/029433 




'PCT/AU2003/001275 



- 10 - 



are separate units such that the outlet stream of the 
compressor is heated in the pre-heater by heating means 
other than using the outlet stream of the turbine. 

Preferably, the system further comprises a heat 
5 recovery boiler, the boiler having an inlet stream 

connected to the heating outlet streeun of the pre-heater, 
wherein the boiler is adapted, in use, to recover energy 
from the turbine outlet stream. 

Preferably, the system further comprises a pre- 
10 burner, having an inlet stream, an outlet stream and a 

start-up fuel stream, the inlet stream being connected to 
the process outlet stream of the pre-heater, and the 
outlet stream being connected to the inlet stream of the 
catalytic combustor, wherein the pre-burner is used to 
15 combust the start-up fuel stream during start-up of the 
turbine and during low load operation. 

Preferably, the start-up fuel is a hydrocarbon. 

Preferably, the start-up fuel is liquid petroleum 

gas • 

20 Preferably, during normal operation of the 

system, the start-up fuel stream has a flow rate of O, and 
the process outlet streeun of the pre-heater passes through 
the pre-burner unreacted. 

According to a third aspect of the present 

25 invention there is provided a method of producing a gas 
with a substantially constant and low concentration of 
fuel, the method comprising the steps of specifying a 
desired concentration of fuel in the outlet stream of a 
mixer, mixing at least one stream with a very low 

3 0 concentration of fuel with at least one stream with a high 
concentration of fuel in the mixer and controlling the 
flow rate of the at least one stream with a high 
concentration of fuel to meet the desired concentration of 
fuel in the outlet stream of the mixer. 

3 5 Preferably^ the fuel is a hydrocarbon fuel. 

Preferably, the fuel is methane. 

Preferably, the desired concentration of methane 
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ls 0.5 to 1.5 rnole^. 

Preferably, the desired concentration o£ methane 
is approximately 1 mole^* 

Preferably, the at least one stream with a very 
5 low concentration o£ fuel, has a concentration methane of 
0 to 1.5 mole%. 

Preferably, the at least one strecua with a high 
concentration of fuel has a concentration methane of over 
20 mole%. 

10 Preferably, the at least one stream with a very 

low concentration of fuel is a streeun of ventilation air 
from a coal mine. 

Preferably, the at least one stream with a high 
concentration of fuel is a stream of coal mine drainage 

15 gas. 

Preferably, the method further comprises the step 
of scrubbing the ventilation air to remove particles using 
a first scrubber. 

Preferably, the method further comprises the step 
20 of scrubbing the ventilation air to remove particles 

greater than and equal to 0.50 micron in diameter using 
the first scrubber. 

Preferably, the method further comprises the step 
of scarubbing the ventilation air to remove sulphur 
25 compounds using the first scrubber. 

Preferably, the method further comprises the step 
of scrubbing the ventilation air to remove sulphur 
compounds using the first scrubber so that the first 
scrubber has a gas outlet stream which has a concentration 
3 0 of hydrogen sulphide and sulphur dioxide of no greater 
than lOppm and 5ppm respectively. 

Preferably, the method further comprises the step 
of scinibbing the coal mine drainage gas to remove 
particles using a second scrubber. 
35 Preferably, the method further comprises the step 

of scrubbing the coal mine drainage gas to remove 
particles greater than and equal to 0.50 micron in 
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diameter, using the first scrubber. 

Preferably^ the method further comprises the step 
of scrubbing the coal mine drainage gas to remove sulphur 
compounds using the second scrubber. 
5 Preferably, the method further comprises the step 

of scrubbing the coal mine drainage gas to remove sulphur 
compounds using the second scrubber so that the second 
scrubber has a gas outlet stream which has a concentration 
of hydrogen sulphide and sulphur dioxide of no greater 
10 than lOppm and 5ppm respectively. 

Preferably, the method further comprises the step 
of storing the gas in a reservoir. 

Preferably, the mixer is large enough to act as 
the reservoir. 

15 Alternatively, the outlet stream of the mixer is 

connected to an inlet stream of the reservoir, wherein the 
mixer and the reservoir are separate units . 

According to a fourth aspect of the present 
invention there is provided a method of producing 

2 0 electricity^ the method comprising the steps of, mixing at 

least two gas streams to produce a process gas stream with 
a substantially constant and low fuel concentration prior 
to, compressing the process gas stream, preheating the 
process gas stream, combusting the process gas streeua in 
25 the presence of a catalyst, expanding the process gas 

stream in a turbine to produce shaft work, converting the 
turbine shaft work to electricity using a generator. 

Preferably, the step of mixing at least two gas 
streams, comprises the method of producing a gas with a 
30 low concentration of fuel in accordance with the third 
aspect of the present invention. 

Preferably, the process gas stream is coznpressed 
to 1.5 to 3.5 bar (absolute). 

Preferably, the process gas stream is compressed 

3 5 to approximately 2 bar (cibsolute) • 

Preferably, the process gas stream is preheated 
to 475 to 535°C. 
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Preferably, the catalyst is a noble metal 

catalyst . 

Preferably, the catalyst is at least one of 
either palladium, platiniun or rhodium. 
5 Preferably, the catalyst is placed on a ceramic 

monolith, which acts as a substrate for wash coat slurry 
of base metals. 

Preferably, a stream includes a fluid in a 

conduit . 

10 The words ^^comprising, having including'' should 

be interpreted in an Inclusive sense, meaning that 

additional features may also be added. 

Variations suid modifications can be made in 

respect of the invention described above and defined in 
15 the following statement of claim. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention will now 

be described, by way of example only, with reference to 

the accompanying drawings in which: 
20 Figure 1 is a block diagram of a catalytic 

combustion gas turbine system. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

With reference to Figure 1, a preferred 
embodiment of a catalytic combustion gas turbine system 

25 comprises a compressor 10, a recuperator 11, a pre-burner 
12, a catalytic combustor 13, a turbine 14, a generator 
15, a mixer 16, and first and second scrubbers 17, 18 
thereby forming a power generation system which can be 
powered with approximately 1 mole% methane (maximum 1.5 

30 mole^&, minimim 0.5 mole%) . 

The system is predominantly powered by the 
methane in the ventilation air from a coal mine 21. The 
ventilation air is scrubbed in the first scrubber 17, to 
remove dust particles greater than and equal to 0,50 

35 micron in diameter. The first scrubber 17 also removes 
hydrogen sulphide and sulphur dioxide so that the 
concentration of these compounds does not exceed the 
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maximum allowable coxicentrat:ion in the system, which, is 
lOppm for hydrogen sulphide and 5ppm for sulphur dioxide. 
Exceedance of the maximum allowable concentrations can 
lead to fouling of the system components and deactivation 
5 of the catalyst in the catalytic combustor. 

Having been scrubbed in the first scrubber 17, 
the ventilation air then enters the mixer 16 through a 
first inlet 22. Because the concentration of methane in 
the ventilation air 21 can vary between 0 and 1.5 mole%, 

10 it is necessary to mix it with another gas so as to 

provide a gas with nearly constant methane concentration 
over time to the compressor 10. This is achieved using 
coal mine drainage gas 20, which is also subjected to a 
similar scrubbing operation in the second scrubber 18. 

15 The second scrubber 18, removes dust particles and 

hydrogen sulphide and sulphur dioxide to the same levels 
as the first scrubber 17, before the drainage gas 20 
enters the mixer 16 through a second inlet 23. The 
drainage gas has a methane concentration of over 20 mole^. 

20 The mixer 16 operates at approximately 20^C and 

atmospheric pressure. The amount of drainage gas 20 that 
is mixed with the ventilation air 21 is controlled so that 
at the mixer's outlet 24, the concentration of methane in 
the gas is generally constant over time. 

25 The system further comprises a reservoir (not 

shown) which is connected to the outlet of the mixer 24. 
The reservoir stores a large cunount of the mixed gas at 
approximately 20®C and atmospheric pressure. The purpose 
of the reservoir is to buffer the downstream components of 

3 0 the system from possible fluctuations in the concentration 
of methane in the gas from the outlet 24 of the mixer 16 . 

The gas flows from the outlet of the resezrvoir to 
the inlet 25 of the compressor 10. The compressor 10 has 
a compressor ratio of approximately 2. This means that 

35 the pressure of the gas at the outlet 26 of the compressor 
10, will be approximately 2 bar. For efficient operation 
of the system, the pressure at the outlet 26 of the 
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compressor 10 should be no greater than 3.5 bar. The 
compressor 10 can be either an cixial £low compressor or a 
radial flow compressor. The temperature o£ the gas at the 
outlet 26 of the compressor 10 will be 100 to 200^C. 
5 From the outlet 26 of the compressor 10, the gas 

flows to the primary inlet 27 of the recuperator 11. The 
recuperator heats the gas so that at the primary outlet 28 
of the recuperator 11, the temperature of the gas is 
between 475 and 535^C. The recuperator 11 operates with a 

10 very low pressure drop across the primary inlet 27 and the 
primary outlet 28, so that the pressure of the primary 
outlet 28 is very similar to the pressure of the primary 
inlet 27 • Whilst any heating means can be used to heat 
the gas in the recuperator 11, for efficient energy usage, 

15 the present invention utilises the gas exiting the turbine 
14 through outlet 35. This gas enters the recuperator 11 
through a secondary inlet 36, where it transfers energy to 
the gas entering through the primary inlet 27, before 
exiting the recuperator 11 through the secondazry outlet 

20 37. This transfer of energy is achieved without any 
direct physical contact between the two gases, using 
either a plate heat exchanger or a fin-tube heat 
exchanger • 

The gas exiting the recuperator 11 through 
25 primary outlet 28, then flows into the pre-bumer 12 

through an inlet 29. During normal continuous operation 
of the system, the gas flows through the pre-burner 12 
without any change in its composition, temperature, 
pressure or other properties, such that the gas exits the 
30 pre-burner 12 through outlet 31 unchanged from the gas 

that entered through inlet 29. The pre-bumer 12 is only 
operated during the start-up of the system and during low 
load operation. During these instances, start-up fuel 
such as IjPG is injected into the pre -burner through the 
35 start-up fuel inlet 30. The pre-burner 12 is then 

operated to facilitate partial combustion of both the 
start-up fuel and the gas entering through inlet 29, 
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before complete combustion occurs in the catalytic 
coxnbustor 13 • 

The gas exitingr the pre-burner 12 through outlet 
31 £lows into the catalytic coxnbustor 13 through an inlet 
5 32. The catalytic coxnbustor 13 is a honeycomb-type 

monolith reactor. Monoliths have a large open frontal 
area resulting in a low pressure drop, which is necessary 
for the req[uired moderate space velocities of the system. 
Nobel metal catalysts are used in the catalytic combustor 

10 13. The ceramic monolith acts as a sxibstrate for a wash 
coat slurry of base metals, such as alumina and ceria, on 
which the nobel metal catalyst such as palladium, platinum 
or rhodium are placed. The maximum continuous bed service 
temperature can be 950^C, but for short periods caxt reach 

15 up to lOSO^C. The catalytic coxnbustor 13 has a combustion 
efficiency of over 99% • The gas exiting the coxnbustor 13 
through outlet 33 has a temperature of equal to or less 
than 800^C and a pressure which is similar to that of the 
gas entering the catalytic coxnbustor through inlet 32 • 

20 The similar pressure of the gas at the outlet 33 to the 
inlet 32 is a result of the low pressure drop across the 
catalytic combustor 13. 

The gas from the outlet 33 of the catalytic 
coxnbustor 13 enters the turbine 14 through an inlet 34. 

25 The temperature of the gas at the inlet 34 should be no 
greater than 800^C, and is generally controlled to be 
approximately 780^C. If the temperature of the gas 
becomes elevated above 800^C, then cooling of the inlet 
scroll and the first stage of the turbine using gas from 

30 outlet 26 of the compressor 10 would be required. 

However, it is a feature of the preferred exnbodiments of 
the present invention that such cooling is not required. 
Cooling oil is supplied to cool the shaft and bearings. 

The gas is expanded in the turbine 14 to produce 

35 shaft work, resulting in the gas exiting the turbine 14 
through outlet 35 having a temperature of approximately 
630**C and a pressure of slightly above atmospheric. Some 
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of the shaft work of the turbine 14 is used to drive the 
compressor 10 through the connection 39. The remaining 
shaft work is converted into electrical energy by the 
generator 15 which is connected by 38 to the turbine 14. 
5 Alternatively, the turbine 14 may comprise two turbines 
which operate on a split shaft cycle. The first turbine 
is used to drive the coxK^ressor 10 and the second turbine 
is connected to the generator 15. The turbine (s) 14 can 
be either an axial flow turbine (s) or a radial flow 

10 turbine (s) . 

The system also includes a waste heat boiler (not 
shown) • The gas exiting the secondary outlet 37 of the 
recuperator 11 enters the waste heat boiler, where it is 
processed to recover as much of the remaining energy in 

15 the gas as possible. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1* A system comprising a compressor having an inlet 

stream and an outlet stream, a pre-heater having a process 
5 inlet stream and a process outlet stream, a catalytic 

combustor having an inlet stream and an outlet stream and 
containing an catalyst, and a turbine having cui inlet 
stream and an outlet stream, wherein, the outlet stream of 
the compressor is connected to the process inlet stream of 

10 the pre-heater, the process outlet stream of the pre- 

heater is connected to the inlet stream of the catalytic 
combustor, and the outlet stream of the catalytic 
combustor is connected to the inlet stream of the turbine, 
and wherein, during operation of the system, the inlet 

15 stream of the compressor has a substeaitially constant and 
low concentration of fuel. 

2. A system as claimed in claim 1, wherein the fuel 

comprises a gas with a methane concentration of 0.5 to 1.5 
mole%. 

20 3. A system as claimed in claim 1, wherein the fuel 

comprises a gas with a methane concentration of 
approximately 1 mole^. 

4 . A system as claimed in any one of the preceding 
claims, wherein the inlet stream of the turbine has a 

25 texiqperature of less than 800^C« 

5. A system as claimed in any one of the preceding 
claims, wherein the catalytic combustor contains a 
catalyst having a high activity (50«*200xl0~^ mole/(m^s)) 
and a high reaction surface area (20-40m^/cm^) • 

30 6. A system as claimed in any one of the preceding 

claims, wherein the catalytic combustor has a maximum 
continuous bed surface temperature of 950^C. 
!• A system as claimed in any one of the preceding 

claims, wherein the catalytic combustor is a honeycomb- 

3 5 type monolith reactor. 

8. A system as claimed in claim 7, wherein the 

monolith is a ceramic, which acts as a substrate for a 
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wash coat: slurry of base met:als on which a noble metal 
catalyst: is placed. 

9. A system as claimed in any one o£ the preceding 

claims, wherein the catalytic combustor has a combustion 
5 efficiency of greater than 99%. 

10 • A system as claimed in any one of the preceding 

claims, wherein the outlet stream of the compressor has a 
pressure of less than 3.5 bar (cQ>solute) • 

11. A system as claimed in any one of the preceding 
10 claims further comprising a generator, which is connected 

to the turbine, wherein the generator converts the shaft 
work produced by the turbine into electrical energy. 

12. A system as claimed in any one of the preceding 
claims, the system further comprising a recuperator to 

15 recover some of the energy in the outlet stream of the 
turbine • 

13* A system as claimed in claim 12, wherein the 

recuperator and the pre-heater form a single integral 
unit, wherein, the pre-heater has a heating inlet stream 
20 and a heating outlet stream, the heating inlet stream 

being connected to the outlet stream of the turbine such 
that the outlet stream of the turbine is used to heat the 
outlet stream of the compressor. 

14. A system as claimed in any one of the preceding 

25 claims, further comprising a heat recovery boiler, the 
boiler having an inlet stream connected to the heating 
outlet stream of the pre-heater, wherein the boiler is 
adapted, in use, to recover energy from the turbine outlet 
stream. 

30 15. A system as claimed in any one of the preceding 

claims, the system further comprising a pre-burner having 
an inlet stream, an outlet stream and a start up fuel 
stream, the inlet stream being connected to the process 
outlet stream of the pre-heater, and the outlet stream 

35 being connected to the inlet stream of the catalytic 

combustor, wherein the pre-burner is used to combust the 
start up fuel stream during start up of the turbine and 
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during low load operation* 

16. A system as claimed in claim 15, wherein during 

normal operation o£ the system, the start up £uel stream 
has a flow rate of 0 and the process outlet stream of the 
5 pre-heater passes through the pre-burner unreacted. 

17 • A system for providing fuel to drive a catalytic 

combustion gas turbine system, the system for providing 
fuel comprising a mixer, having an outlet stream and at 
least two inlet streams and a compressor, having an inlet 

10 stream, the outlet stream, of the mixer being connected to 
the inlet stream of the compressor, wherein, during 
operation of the system, the at least two inlet streams 
are controlled so that the outlet stream of the mixer has 
a substantially constant composition over time. 

15 18. A system as claimed in claim 17, wherein the 

outlet stream of the mixer has a concentration of methane 
of 0.5 to 1*5 mole^* 

19. A system as claimed in either claim 17 or 18, 
wherein of the at least two inlet streams of the mixture, 

2 0 at least one inlet stream has a concentration of methane 
of 0 to 1 . 5 mole% and at least one other inlet stream has 
a concentration methane of over 20 mole%* 

20. A system as claimed in any one of claims 17 to 
19, wherein at least one of the at least two inlet streams 

25 in the mixer is a stream of ventilation air from a coal 
mine. 

21. A system as claimed in claim 20, further 
comprising a first scrubber, the first scrubber being 
adapted, in use, to remove particles greater than and 

30 equal to 0.5 micron in diameter from the ventilation air. 

22. A system as claimed in claim 21, wherein the 
first scrubber is also adapted, in use, to remove sulphur 
compounds from the ventilation air, so that the 
concentration of hydrogen sulphide and sulphur dioxide in 

35 a gas outlet stream of the first scrubber is no greater 
than lOppm and 5ppm respectively. 

23 • A system as claimed in any one of claims 17 to 
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22, wherein at least one other streeun o£ the at least two 
inlet streams o£ the mixer is a stream o£ coal mine 
drainage gas. 

24. A system as claimed in claim 23, further 

5 comprising a second scrubber adapted, in use, to remove 

particles greater than and equal to 0.5 micron in diameter 
£rom the coal mine drainage gas. 

25. A system as claimed in claim 24, wherein the 
second scrubber is also adapted, in use, to remove sulphur 

10 compounds £rom the coal mine drainage gas, so that the 

concentration o£ hydrogen sulphide and sulphur dioxide in 
a gas outlet stream o£ the second scrubber is no greater 
than lOppm and 5ppm respectively. 

26. A system as claimed in any one o£ claims 17 to 
15 25, the system £urther comprising a reservoir, the 

reservoir having an outlet stream connected to the inlet 
stream of the compressor, and during operation o£ the 
system, the outlet stream of the reservoir has a 
substantially constant composition over time, wherein, the 

2 0 reservoir stores enough fluid to buffer fluctuations in 

the composition of at least one inlet stream of the 
reservoir. 

27. A system as claimed in claim 26, wherein the 
outlet stream of the mixer is connected to the at least 

25 one inlet stream of the reservoir. 

28. A method of producing electricity, the method 
comprising the steps of: 

(a) mixing at least two gas streams to produce a 
process gas stream with a substantially constant and 

30 low fuel concentration prior to; 

(b) compressing the process gas stream; 

(c) preheating the process gas stream; 

(d) combusting the process gas stream in the 
presence of a catalyst; 

3 5 (e) expanding the process gas strecun in a turbine 

to produce shaft work; and 

(f) converting the turbine shaft work to 
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electricity using a generator. 
29. A method o£ producing electricity as claimed in 

claim 28, wherein the process gas stream has a 
concentration of methane of 0.5 to 1*5 mole^. 
5 30. A method of producing electricity as claimed in 

either claim 28 or 29, further comprising the step of 
scrubbing the at least two gas streams to remove particles 
greater than and equal to 0.5 micron in diameter and to 
remove sulphur compounds so that the process gas stream 

10 has a concentration of hydrogen sulphide and sulphur 

dioxide of no greater than lOppm and 5ppm respectively. 
31. A method of producing electricity as claimed in 

any one of claims 28 to 30, wherein the process gas stream 
is compressed to no more than 3.5 bar (absolute). 

15 32. A method of producing electricity as claimed in 

any one of claims 28 to 31, wherein the process gas stream 
has a temperature of less than 800^C after combustion in 
step (d) • 

33. A catalytic combustion gas turbine system as 

20 substantially hereinbefore disclosed with reference to 
accompanying Fig. 1. 
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